Introduction
Water pollution problems have been encountered all over the world in the last decades (Pereira et al., 2009; Rothwell et al., 2010; Bouraoui & Grizzetti, 2011) . In surface water bodies, the input of nitrogen (N) and phosphorus (P) plays an important role in water quality, because these nutrients are essential for phytoplankton growth and consequently for water eutrophication (Wu et al., 2011) . Among ecosystems with a high risk of water pollution, lowland catchments are frequently affected by N and P pollution due to the intense interaction between the aquatic and terrestrial systems (Schmalz et al., 2009 ). N and P enter into aquatic systems via point and nonpoint sources (Lam et al., 2010) . In rural catchments, the nonpoint pollution is of considerable importance and depends on land use and management (Lam et al., 2010) .
The European Community has taken various measures to prevent water pollution. According to the European Water Framework Directive (WFD), all water bodies should achieve good water quality status until 2015 in all European Union member states (EC, 2000) . In order to establish evidence of such changes, several studies were conducted to verify the improvement in water quality over the time (Tisseuil et al., 2008; Rothwell et al., 2010; Bouraoui & Grizzetti, 2011 ).
According to Skarbøvik et al. (2012) , it is often difficult to obtain reliable estimates of the amounts of pollutants transported in rivers and streams due to the high temporal variability in the concentrations of these substances. Studies indicate use of daily (Sileika et al., 2005; Lam et al., 2010) , weekly (Schmalz et al., 2007) , biweekly (Jaji et al., 2007) , monthly (Rothwell et al., 2010; Tao et al., 2010) , bimonthly (Özcan et al., 2007) or seasonal sampling (Bu et al., 2011) .
According to Lu et al. (2011) , environmental monitoring programs need to include daily monitoring in water quality studies. The daily monitoring is important to verify the real dynamics of the water quality, such as peaks of nutrient concentration at specific times, and could help to understand the water quality variability over the time. On the other hand, highly resolution database, with a high number of water samples is extremely laborious and expensive.
A solution to set a realistic frequency of water sampling could be the use of autocorrelation (AC) of environmental data. AC is the correlation of each parameter with itself over a daily time series (Box et al., 2008) . These authors used autocorrelation analysis of a time series as a tool to check the stability of environmental parameters in a water quality database. According to Alewell et al. (2004) parameters with high autocorrelation are very stable, requiring a smaller sampling interval than others with low autocorrelation parameters.
Thus, the objectives of this study are (i) to verify the temporal variability of water quality using daily monitoring to assess N and P pollution; (ii) identify the characteristics of N and P pollution and (iii) identify the best frequency of water sampling to characterize the water pollution.
Material and Methods
The River Stör, a tributary of the River Elbe is located in the lowland area of Schleswig-Holstein in Northern Germany (Figure 1 ).
In this study, 462 km² of the upper part of the Stör catchment up to the gauge station Willenscharen were sampled, because the lower part is already influenced by the tide of the North Sea. The topography is very flat and varies between 90 and 1 m above sea level. The main tributaries of the upper Stör are the Aalbek, Buckener Au, Bünzener Au, Dosenbek, Höllenau and Schwale (Figure 1 ). The main soils in the upper Stör catchment are Histosol, Gley, Gley-Podsol, Cambisol, Podsol, Planosol and Luvisol (Finnern, 1997) . The mean annual precipitation is 851 mm and the mean annual temperature 8.2 ºC (DWD, 2012) . According to Oppelt et al. (2011) , land use is dominated by arable (42.1%) and pasture land (33.1%). The major crops used in agricultural areas are winter wheat (13.7%), rapeseed (1.8%) and corn for silage (26.6%) (Oppelt et al., 2011) . The urban area represents around 10% of the total area. The most important city is Neumünster with nearly 88,000 citizens.
Water samples were taken using an automatic water sampler MAXX SP III© located at the gauge station Willenscharen (Figure 2 ). The water tube collector was installed into the River Stör at a distance of 2 m from the riverbank and at a depth of 0.30 m above the river bed, attached to a rock ( Figure 2 ).
Water samples were collected at an interval of 72 min, making 20 subsamples per day. The automatic water sampler had a storage capacity of up to 12 water bottles of 2.9 L. The temperature in the sampler was kept constant between 3 and 5 °C. The water samples were brought to the laboratory on Tuesdays and Fridays alternatively, resulting in a storage time of 10 to 11 days. Each daily sample contained around 2 L of water. On sampling days, water temperature (WT) was determined in situ using a multiparameter water quality monitoring instrument. The monitoring period lasted from Water samples were prepared and analysed in the laboratory of the Department of Hydrology and Water Resources Management at Christian-Albrechts-University Kiel in Germany. Total P (TP), soluble orthophosphate-P (PO 4 -P), total N (TN), nitrate-N (NO 3 -N) and ammonium-N (NH 4 -N) were analysed. TP, PO 4 -P and NH 4 -N were determined by spectrophotometry, TN was determined by chemiluminescence detection and NO 3 -N was analysed by ion chromatography. Particulate phosphorus (PP) represents the fraction absorbed by soil particles and organic matter. It was calculated as the difference between TP and PO 4 -P. In addition, the total suspended sediment (TSS) concentration was determined by filtering 1.0 L of water sample through 0.45 μm filter paper and then dried at 105 ºC.
TP, PO 4 -P, TN, NO 3 -N and NH 4 -N data set were used to determine the water quality according to the German LAWA (1998) classification. Table 1 shows the classes and the corresponding TP, PO 4 -P, TN, NO 3 -N and NH 4 -N thresholds for the LAWA classification. The aim of WFD is to achieve the "good status", which corresponds to LAWA class II, in all surface water bodies until 2015 (EC, 2000) . For all statistical analysis the R program (www.r-project.org) was used. Correlogram was used to represent the Pearson correlation among the water quality parameters. Autocorrelation (AC) was used to determine the correlation of each water quality parameter with itself through a daily time series (Box et al., 2008) . AC analysis were carried out with the function "acf ". The maximum lag time was set to 100 days. All time series data was aggregated to values based on the hydrological year with winter from November 1 until April 30 and summer from May 1 until October 31.
Based on the daily measured database, alternative intervals of water sampling were compared: 7 days (weekly), 14 days (biweekly), 30 days (monthly) and 60 days (bimonthly), intervals frequently encountered in practice, i.e. one week to two months. To compose the data for each treatment, it was stipulated a certain day (of the week or month) for sample collection in the database. In practice, when sampling occurs weekly or monthly, it is set one day a week to collect the sample (e.g., every Monday to collect weekly or every Wednesday in the middle of the month for monthly collection, and so on). For this comparison, box-percentile-plots were carried out around the selected sampling intervals. The box-percentile plot shows the average value, median, maximum and minimum, beyond each 10 th percentile.
Results and Discussion
The time series of PCP, Q, TSS, TP, PP, PO 4 -P, TN, NO 3 -N, NH 4 -N, and WT are shown in Figure 3 . The high resolution data set allows us to show the real dynamics of N and P pollution in the upper river Stör. The highest peaks of Q are associated with rainfall events, which are more evident in the winter months. TSS, TP, PP, PO 4 -P, TN, NO 3 -N and NH 4 -N, concentrations have a distinct seasonal trend with higher concentrations in winter. To test the seasonality, the time series were aggregated to seasonal values (Figure 4 ) based on the hydrological year, Table 1 . Water quality classes for surface water bodies according to German LAWA (1998) classification and their thresholds for TP (Total P), PO 4 -P (soluble orthophosphate-P), TN (total N), NO 3 -N (nitrate-N) and NH 4 -N (ammonium-N) (moderately polluted) in winter and class I-II (lightly polluted) in summer. TN and NO 3 -N are ranked in class II-III in both periods. NH 4 -N is ranked in class II-III in winter and class II in summer, achieving the goals of the EC (2000). The higher TSS concentration in winter may be related to a higher erosion potential, when many agricultural fields are uncovered. In addition, water absorption and nutrient uptake by plants and by macrophytes during the winter is lower (Desmet et al., 2011 ) causing a higher runoff flow, which in turn leads to surface and riverbank erosion. In summer the riparian vegetation also plays an important role in the minimization of the TSS, and N and P transport into the river. Figure 5 shows the correlogram between the physicochemical parameters of the Upper River Stör at the gauge Willenscharen. Two stronger statistical correlations were found, one between TP and PP (r = 0.99), another one between TN and NO 3 -N (r = 0.95). This occurs because PP represents the major part of TP (on average 77%) and NO 3 -N is the dominant part of TN (on average 78%). This fact also explains the similarity of the time series of TP and PP and of TN and NO 3 -N in Figure 3 . TSS had also a strong positive correlation with TP and PP showing that P is highly bound to soil particles. Tao et al. (2010) also verified a strong correlation between TP and TSS (r = 0.97). This means that P comes especially from sediment transport by erosion from agricultural areas and from riverbank erosion. Q had a significant positive correlation with all N and P parameters. Statistically negative correlations were found between WT and all other physicochemical parameters, confirming the effect of seasonality verified in Figure 4 .
AC plots of PCP, Q, TSS, TP, PP, PO 4 -P, TN, NO 3 -N and NH 4 -N are shown in Figure 6 . First, it is necessary to analyse (1) Water quality classes from German LAWA classification.
the series PCP and the series Q. The series PCP show a very sharp decline in the autocorrelation curve indicating a very unpredictable behavior. On the other side, the autocorrelation curve of the series Q is quite high, being statistically significant up to 45 days. This indicates that the river flow is not much influenced by rainfall, but by groundwater flow, which is characteristic of lowland catchments.
AC of TSS can be divided into two stages. One has a very steep decline up to four days, showing a similar trend as PCP. The other stage has a slower decrease, similar to the series Q. Therefore it indicates that TSS is related to the effects of precipitation, as a result of the surface runoff process. AC of TP, PP and PO 4 -P follow the same trend as the AC of TSS. This fact was expected because of the high correlation between these parameters ( Figure 5 ). Normally hilly catchments have higher P losses and soil erosion (Sileika et al., 2005) . However, the high correlation of PP and PT with TSS ( Figure 5 , r = 0.81 for both) and the sharp initial curve of the AC of PP and PT (Figure 6 ) confirm the influence of surface processes, such as runoff and soil erosion on the P pollution also for this lowland catchment. Even in rivers with a "good status" of PO 4 -P throughout the year, TSS can keep high for a long time and play an important role as source of PO 4 in water bodies (Pereira et al., 2009 ).
AC of NH 4 -N follows a similar trend as the one of TSS with an initially stronger decline and subsequently a slower decrease. AC of TN and NO 3 -N are higher and longer than the AC of Q, being statistically significant up to 78 and 74 days respectively. Alewell et al. (2004) found a strong AC of NO 3 -N in a semi-natural catchment, with predominantly forest and pasture areas. In agricultural catchments, this behavior should be different due to peaks of NO 3 -N concentration after fertilizer application (Tisseuil et al., 2008) . However, peaks with higher levels of NO 3 -N at the time of fertilizer application were not observed. In addition, the AC of NO 3 -N was really high. The high AC of NO 3 -N suggests that there is a constant transport of NO 3 -N concentration via leaching, which may be explained by the following: (i) a large amount of N stored in the soil has a slow but continuous mineralization rate of the organic matter (Sileika et al., 2006) and (ii) it is due to the catchment buffering potential (Cherry et al., 2008) .
The results of the comparison of daily measured database with weekly, biweekly, monthly and bimonthly data of TP, PO 4 -P, TN, NO 3 -N and NH 4 -N are shown as box percentile plot in Figure 7 . A decrease of the amplitude of each data set of water quality was observed, especially by increasing the 10 th percentile and decreasing the values of the 90 th percentile, owing to the increase in the sampling frequency. This means that the higher sampling frequency decreases the chances of collecting samples with high or low concentration of an element. Different sampling strategies showed no statistical difference between the means of the parameters studied. Box percentile plots of TP and PO 4 -P showed low amplitude for monthly and bimonthly sampling strategies, while TN, NO 3 -N represented only low amplitude at the bimonthly sampling. This tendency is in accordance with the results of autocorrelation of Figure 6 , where TN and NO 3 -N showed high stability when compared with TP and PO 4 -P.
In this example, the sampling strategy does no effect the 90 th percentile (Figure 7) , which represents the "good status" desired by EC (2000) . But, it is clear that the decrease of amplitude can affect the water quality classification, when scarce water samples are used to represent the water quality status. Based on the results of the autocorrelation ( Figure 6 ) and the comparison of sampling frequency (Figure 7 ) different strategies for water sampling can be advised. P is more influenced by surface runoff process and N by groundwater processes. Therefore, N can be sampled with a greater interval than P. So, when daily sampling is not possible to show the dynamic, which is important in studies of calibration of ecohydrological modeling (Lam et al., 2010) . It is recommended weekly or biweekly sampling for P studies and biweekly or monthly sampling interval for N studies, aiming to have enough samples representation to characterize the water quality of a stream in a lowland catchment. Thus, the information obtained with this study can help managing catchments and can help researchers improving the monitoring program of water quality in catchments with similar conditions in the future. 4. The high correlation between total suspended sediment and particulate phosphorus, as well as the initially strong decrease in autocorrelation of these parameters, indicate an influence of surface erosion process.
5. Water sampling for nitrogen and phosphorus monitoring must be different, nitrogen can be sampled biweekly or monthly, while phosphorus must be sampled with more frequency, weekly or biweekly. 
Conclusions
1. Water quality parameters show a distinct seasonal effect, with more nitrogen and phosphorus concentration in winter months.
2. Nitrate and particulate phosphorus are the major forms of nitrogen and phosphorus, respectively.
3. A quite strong autocorrelation of nitrate-nitrogen and total nitrogen shows a stable and constant influence of groundwater flow on nitrogen pollution.
